Introduction
Female mate choice often favours sexual ornaments and displays that reliably indicate a male's physiological condition (Andersson, 1994) . Consistent female preference for greater elaboration of sexual ornamentation in males is thought to increase the cost of ornament production and thus reinforce the reliability of an ornament as an indicator of individual condition (Zahavi, 1975; Grafen, 1990) . For this reinforcement to be effective, the allocation of resources to the developing sexual ornament should be fixed (de Jong, 1993; Roff et al., 2002) , so that progressively more elaborated ornamentation exerts a progressively greater cost of production. Yet, theory and empirical observations suggest that the allocation of organismal condition to sexual ornamentation should be flexible because it is closely associated with a male's life history state and with the ecological and social context of breeding (McLain, 1991; Price et al., 1993; Gustafsson et al., 1995; Svensson & Sheldon, 1998; Widemo & Saether, 1999; Badyaev & Qvarnströ m, 2002) .
Whereas several studies have addressed age-dependent and life-history state dependent variation in the resource allocation to sexual ornamentation (e.g. Kokko, 1997;  age; condition-dependence; development; life history; plasticity; sexual ornaments; sexual selection.
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Male investment into sexual ornamentation is a reproductive decision that depends on the context of breeding and life history state. In turn, selection for state-and context-specific expression of sexual ornamentation should favour the evolution of developmental pathways that enable the flexible allocation of resources into sexual ornamentation. We studied lifelong variation in the expression and condition-dependence of a sexual ornament in relation to age and the context of breeding in male house finches (Carpodacus mexicanus) -a species that develops a new sexual ornament once a year after breeding. Throughout males' lifetime, the elaboration of ornamentation and the allocation of resources to the development of sexual ornamentation depended strongly on pairing status in the preceding breeding season -males that were single invested more resources into sexual ornamentation and changed ornamentation more than males that were paired. During the initial (postjuvenile) moult, the expression of ornamentation was closely dependent on individual condition, however the condition-dependence of ornamentation sharply decreased throughout a male's lifetime and in older males expression of sexual ornamentation was largely independent of condition during moult. Selection for early breeding favoured greater ornamentation in males that were single in the preceding seasons and the strength of this selection increased with age. On the contrary, the strength of selection on sexual ornamentation decreased with age in males that were paired in the preceding breeding season. Our results reveal strong context-dependency in investment into sexual ornamentation as well as a high flexibility in the development of sexual ornamentation throughout a male's life. Proulx et al., 2002) , it is largely overlooked that selection favouring flexibility in the investment into sexual ornamentation might favour the evolution of ornament-specific developmental pathways that lessen the condition-dependence of sexual traits and eventually decouple organismal condition and the expression of sexual ornamentation (Emlen & Nijhout, 2000; Badyaev, 2003) . Moreover, the modifications of the link between organismal condition and sexual ornamentation have different consequences for males and females.
From a male perspective, selection by females for more elaborated sexual ornamentation should be countered by the evolution of developmental pathways that reduce the cost of ornament production (Hill, 1994; Emlen & Nijhout, 2000; Badyaev, 2003) . Cheaper ornament elaboration may be accomplished by more efficient allocation of resources to sexual ornamentation, by displays that amplify the sexual ornament, and by a decoupling of resource allocation to sexual traits from other organismal functions -i.e. by evolution of ornament-specific developmental pathways (Fig. 1) . These processes will ultimately reduce the developmental cost of sexual ornamentation for males. From a female perspective, these strategies should be countered by preferences for more complex or longer-developing and more elaborated sexual ornaments thereby strengthening the conditiondependence of male ornamentation (reviewed in Badyaev, 2003) . Importantly, a combination of female preferences for greater condition-dependence of elaborated sexual ornaments and male strategies to modify the development of sexual traits to reduce their costs, will favour the evolution of developmental pathways that enable flexible and context-dependent allocation of resources into sexual ornamentation.
Species that change their sexual ornamentation after each reproductive bout during a lifetime provide an opportunity to examine life-history and context-dependent variation in the allocation of resources into sexual ornamentation. Both an organism's pool of resources (condition) and the allocation of these resources to sexual ornamentation can change between successive acquisitions of ornamentation (i.e. moults) (Fig. 1) . A change in allocation to sexual ornamentation between successive moults can lead to a change in sexual ornamentation even when individual condition remains constant (Fig. 1) . Similarly, a change in individual condition between successive moults can result in a change in sexual ornamentation even when allocation rules remain constant (Fig. 1) . Moreover, selection for more efficient or cheaper expression of sexual ornamentation can produce greater sexual ornamentation even when individual condition remains constant if it favours a decrease in the developmental costs of sexual traits (Fig. 1 ). This can be accomplished by the evolution of ornament-specific and modular developmental pathways that bypass most of the organismal functions and thus reduce the condition-dependence resulting from the allocation of organismal resources.
Indeed, numerous studies have documented rapid evolution of allometric relationships and developmental links between sexual ornamentation and other organismal traits (Eberhard, 1985; Schlichting & Pigliucci, 1998; Emlen & Nijhout, 2000; Baker & Wilkinnson, 2001; Emlen, 2001; Dixson & Anderson, 2002) . For example, in the case of environmentally-derived sexual ornamentation (e.g. carotenoid-based colouration -the focus of this study) selection may favour the evolution of developmental pathways that deposit diet-derived pigments into sexual ornaments directly and with little processing (Hill, 1994; Badyaev, 2003) . Such developmental pathways can evolve to enable greater expression of passively ingested carotenoids (e.g. Brush & Seifried, 1968; Hudon, 1991) and ultimately produce geographical variation in sexual ornamentation across species as a result of increased carotenoid content in a diet (e.g. Hudon & Brush, 1989; Witmer, 1996) .
In this study, we examined lifelong variation in the expression and condition-dependence of male sexual (Badyaev et al., 2001a; Hill, 2003) . These ornamental components have significant, but flexible environment-and condition-dependence and, correspondingly, are subject to variable female preference and selection (Hill et al., 1999; Badyaev et al., 2001a) . House finches acquire sexual ornamentation initially during post-juvenile moult in the first year of life (at about 100-150 days of age) and thereafter, following each breeding season, moult into new ornamental plumage (Fig. 2) . This pattern provides us with the opportunity to examine variation in the allocation of resources to sexual ornamentation in relation to male age and the context of the previous breeding attempt, as well as the consequences for future breeding attempts.
Here, we first examine changes in the conditiondependence of sexual ornamentation between the first (initial) and subsequent yearly acquisitions of sexual ornamentation. Secondly, we show that both the expression of sexual ornamentation and the conditiondependence of sexual ornamentation covary strongly with male's pairing success in the breeding season preceding the moult. Third, we partition sexual selection intensity into selection on sexual ornamentation itself and selection on condition during moult and examine changes in the relative intensity of these selection pressures in relation to male age and pairing success.
Materials and methods

Field methods
We studied a resident population of the house finches near Missoula, Montana (for details of the study site and field protocol see Badyaev & Martin, 2000) . The study site was a cluster of buildings and ornamental bushes set in open grassland. Finches nested in two-meter-high identical ornamental bushes provided at the study site. Each year, from 1995 to 2002, all resident male finches were captured, measured and marked with a unique combination of one numbered and three coloured plastic rings. At any time during the breeding season, the resident population consisted of about 20 breeding pairs, their nestlings, and about 60-70 adult finches that were either between nesting attempts or unpaired. All resident finches remained in the vicinity of the study area throughout the breeding season.
Non-locally hatched juvenile males first arrive at the study site following large-scale movements of the latesummer dispersal, when 80-150 days of age (Badyaev et al., 2001b) . Those juvenile males that remain at the study site during their post-juvenile moult typically remain at the site during subsequent years. In addition, about five to six locally hatched males per year remained at the site to breed in the subsequent years. Non-locally hatched juvenile males were captured within the first week of their arrival at the study site and banded initially with a single aluminum band that was later augmented with three colour bands in those males that remained at the study site and initiated post-juvenile moult (Badyaev et al., 2001b) .
Strong fidelity of adult house finches to the location of previous breeding and the isolation of our study site allowed us to assign males' ages and to follow individual male's moult patterns for up to 7 years (see Badyaev & Fig. 2 Examples of changes in sexual ornament expression between the initial (post-juvenile) acquisition (left), after the second moult (first post-breeding; middle), and after the third moult of life (right) in male Montana house finches. In the male in (a) sexual ornamentation increases after subsequent moults, in the male in (b) the highest expression is after the second moult, in the male in (c) sexual ornamentation decreases after subsequent moults, and in the male in (d) expression of sexual ornamentation is approximately similar between subsequent moults.
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Martin, 2000). For this study, we used males that hatched and underwent their first moult during 1995-2001. Selection on early pairing and nest initiation of these males was measured during the 1996-2002 breeding seasons. Males were considered single if they remained without a mate for the entire breeding season. Paired males raised either one or more broods and both were included in our analyses. Nesting censuses were conducted daily and all nests were found as they were being constructed. We used nest initiation date as a proxy for the pair formation because in this population, earlier nesting by previously single males is a result of faster pairing (Badyaev & Hill, 2002) . Because extra-pair paternity is exceedingly low in this population and is not associated with the traits under study (Badyaev et al., 2001a) , we did not include extra-pair paternity in our estimates of selection on male sexual ornamentation. Resident males were captured, measured, and photographed (see below) repeatedly from mid-February to late September. For this study, we only used measures of male body mass taken during post-breeding moult or within 2 weeks of the moult. Similarly, we used images of males obtained after the post-breeding moult.
Measurement of sexual ornamentation
Resident males that completed the post-breeding moult were captured and their carotenoid-based breast plumage patch was photographed using a 35 mm camera (in 1995-97) or 4-megapixel digital camera (1998) (1999) (2000) (2001) (2002) outfitted with a ring flash and mounted in a standard position (Badyaev et al., 2001a) . Males were kept in a standardized position by placing them on the dorsal side with the anterior point of the beak held in place (see Badyaev et al., 2001a for details of the protocol; Fig. 2 ). In all years, the photograph was taken with a constant distance and light settings against a neutral gray (Kodak) background with scale markings. All photo images taken in 1995-98 were transferred to digital image files and standardized against the identical neutral gray background and to a standard scale size using Adobe Photoshop 7.1 (Adobe Systems, Inc. San Jose, CA, USA). The analysis of an error associated with bird position in the photostand is reported in Badyaev et al. (2001a) .
For the ventral plumage ornamentation of each male we recorded (1) plumage hue -a measure of continuous pigment elaboration that varies from dull yellow to deep purple, (2) hue saturation -a measure of colour intensity, (3) patch area -the number of ornamental feathers with carotenoid pigmentation and (4) hue asymmetry -a measure of consistency in plumage hue among the feathers within the ornamented patch. All measurements were carried out by RAD using SigmaScan Pro 5.0 image analysis software (SPSS, inc., Chicago, IL). To measure patch area, a straight line was drawn on the image from the base of the bill to the lowest pigmented feather on the breast. All pigmented feathers on a male's breast were traced using colour thresholds first on the left side and then on the right side and patch area was calculated using the trace measurement and area function in SigmaScan. Left and right sides were added together to obtain the total patch area. To measure colour hue and colour saturation, a 10 · 10 pixel grid was overlaid on each image and one pixel was sampled in each square of the grid that covered the breast patch using the hue function of SigmaScan. This technique allowed us to sample every part of the breast patch and therefore obtain an accurate representation of the overall hue and saturation of the breast patch. The SigmaScan software measures hue based on a smooth continuum of visible colour with the following benchmarks: 0°¼ red, 40°¼ yellow, 90°¼ green, 170°¼ blue, 210°¼ purple, 255°¼ red. The reddest (most ornamented) males had scores between 250 and 255 and to standardize the colour scores to a linear scale, we subtracted 256°from scores in this range and inverted the scale. Thus, in our dataset males with the highest scores of hue were the most ornamented. The saturation ranges from 0 (gray) to 100% (full colour). Hue consistency (hue asymmetry hereafter) across the patch was recorded on a scale of 1-10, as a percent of feathers different in hue group (unpigmented, yellow, orange and red) between the left and right side -at tenths of percentiles: 0-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, 91-100% . High resolution and magnification of the original digital images allowed us to assess pigment asymmetry for each feather of the breast ornamentation (Badyaev et al., 2001a) .
All components of male colouration were measured twice, several weeks apart, and prior to the tabulation of the male age and pairing data. Furthermore, an observer bias is avoided by automated features of hue, saturation, and area measurements in SigmaScan software that fills out the data sheet automatically when the observer works with an image. Measurements of ornament patch area, hue, saturation, and hue asymmetry across the patch were highly repeatable and the variance associated with measurement error was sufficiently small (Table 1) .
Male condition and condition-dependence of sexual ornamentation
We used male body mass during moult and the residuals of body mass on tarsus size as a measure of male physiological condition. The results were identical for the body mass and residual analyses, thus only the results for body mass are shown. In this population, body mass is an appropriate measure of physiological condition for three reasons. First, a concurrent study found close correlation between body mass and haematocrit -a reliable measure of male immediate physiological condition (Duckworth et al., in press ). Secondly, body mass closely covaried with parental expenditure and provisioning rates (Badyaev & Hill, 2002) . Thirdly, body mass is closely associated with overwinter and post-breeding survival (Badyaev & Martin, 2000; Badyaev et al., 2001b) . Male house finches do not store carotenoids used for ornament production for more than 2 weeks (Hill, 2003) , thus measuring body mass during moult is a good approximation of the condition-dependence of carotenoid consumption, deposition and metabolism.
We used standardized regression coefficients (in standard deviations) of a regression of body mass during moult on the expression of sexual ornament following moult as a measure of the condition-dependence of sexual ornamentation. The change in condition-dependence of sexual ornamentation between the subsequent moults was the difference between the standardized regression coefficients (in standard deviations) calculated for each moult. The standard error for the difference between regression coefficients was obtained by resampling with replacement of each of the individual males (i.e. a pair of measurements) comprising the regression in both moults. Because repeated measures of individual males were used for these calculations, the differences between standardized regression coefficients reflect differences in correlation of body mass during moult and sexual ornamentation without the confounding effects of population composition during different years. Repeated measures of male ornamentation between years revealed that both an increase and decrease in sexual ornamentation were common (see below) and that both directions of change were present in later age classes. Thus, our estimates of conditiondependence and ornamentation change between years were not biased by resampling error.
Variances associated with remeasuring (n ¼ 2 sets) and the along-grid measurements (80-100 repeats for hue and saturation measures) were calculated with a mixed model nested ANOVA ANOVA and are shown in Table 1 . Repeated measures were nested within a measuring set and the set was nested within an individual and the year of life. The repeatability (R) was R ¼ r 
1/2 . The F-value was a ratio of MS W and MS E (Becker, 1984) . The relative strength of selection for earlier nesting was estimated with partial selection differentials from a multiple regression of nesting date (Julian) on components of male's sexual ornamentation and male's body mass during moult within each age class and pairing status group.
Results
During the first (post-juvenile) moult, expression of sexual ornamentation was closely dependent on body mass for all ornamental components (Fig. 3) . Males that were heavier during their first moult produced ornaments that were larger (b ST ¼ 0.55, n ¼ 46, t ¼ 4.34, P < 0.001) more exaggerated in hue (b ST ¼ 0.48, n ¼ 47, t ¼ 3.77, P ¼ 0.004), more saturated in colour (b ST ¼ 0.31, n ¼ 47, t ¼ 2.31, P ¼ 0.02), and with more consistent colour distribution (b ST ¼ )0.34, n ¼ 42, t ¼ )2.50, P ¼ 0.01; Fig. 3) .
Following their first post-breeding moult (i.e. after the first breeding season) males changed the elaboration of 
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all components of their sexual ornament, with the exception of hue asymmetry, compared with the sexual ornament produced after the first moult of life (Fig. 4) . However, males that were single in their first breeding season increased the hue and the area of their ornament more than males that were paired (hue: F ¼ 5.01, P ¼ 0.02; area: F ¼ 3.10; P ¼ 0.05; Fig. 4) . Similarly, in the subsequent year, males that were single during their second breeding season increased the elaboration of their sexual ornamentation (Fig. 5) , whereas the males that were paired during their second breeding season increased only patch area and decreased both the hue and the hue asymmetry of their ornament following the post-breeding moult ( Fig. 5 ; paired vs. single: hue: F ¼ 2.98, P ¼ 0.06; saturation: F ¼ 31.58, P < 0.001; area F ¼ 11.81, P ¼ 0.003; hue asymmetry: F ¼ 11.72, P ¼ 0.003).
Despite an increase in the expression of sexual ornamentation, its condition dependence (i.e. correlation with body mass during moult) either decreased or remained unchanged between the initial and the first post-breeding moult, and between first post-breeding moult and the second post-breeding moult (Figs 4 and 5) . However, the allocation of condition to sexual ornamentation depended on a male's pairing status in the season preceding moult and on male's age (Table 2, e.g. Fig. 4 : paired vs. single -hue: F ¼ 8.56, P ¼ 0.02; saturation: F ¼ 3.00, P ¼ 0.06; area: F ¼ 2.31, P ¼ 0.08, hue asymmetry: F ¼ 7.65, P ¼0.03; Fig. 5 : paired vs. single -hue: F ¼ 12.06, P ¼ 0.002; saturation: F ¼ 0.03, P ¼ 0.96; area: F ¼ 0.31, P ¼ 0.88, hue asymmetry: F ¼ 1.65, P ¼ 0.13). Allocation of condition during moult to the expression of ornament's hue, saturation and area depended on male pairing success in the season preceding the moult (Table 2, significant Status by Mass interaction). Similarly, the allocation of condition during moult to the expression of ornament's hue, area, and hue asymmetry varied with male age (Table 2, significant Mass by Year of life). Only production of the patch area was consistently condition-dependent, however it also varied with pairing success and the age of a male (Figs 4 and 5, Table 2 ).
Change in the expression of the sexual ornament between subsequent post-breeding moults was not associated with the change in condition during moult (Table 2) . Instead the condition-allocation to all components of sexual ornamentation varied with the pairing success of males during the preceding breeding season ( Table 2 ). The contribution of pairing success in the preceding breeding season to a change in the expression of the sexual traits varied with the age of males (Table 2 , significant status by year interaction).
Throughout their lifetime, males that were single during the breeding season were heavier during post-breeding moult compared with males that were paired (paired vs. single -first breeding season: 0.52 ± 0.17 (SE) vs. 0.97 ± 0.25, F ¼ 3.54; P ¼ 0.05; second breeding season: )0.32 ± 0.23 vs. )0.06 ± 0.25, F ¼ 2.14; P ¼ 0.08). However, the higher condition of single males during post-breeding moult did not directly translate into their greater sexual ornamentation because of the overall decrease in the allocation of condition to the sexual ornament between subsequent moults (Figs 4 and 5; Table 2 ). We evaluated the relative strength of selection for earlier pair formation and earlier nest initiation on body mass during previous moult and on the sexual ornament itself. During the first breeding season, selection for earlier nesting favoured both greater body condition and greater ornament saturation and area (Fig. 6 ). In the subsequent breeding seasons, targets of selection for earlier breeding were different between males that were paired in the previous season and the males that were single (Fig. 6) . In males that were paired during the previous season (and thus often retained the previous mate), selection for earlier nest initiation acted mostly on body mass and not on sexual ornamentation (Fig. 6) . In males that were single in the previous season (and thus following the first breeding season) moults in males that were paired or single during breeding season preceding the moult. Right panel: change in the condition-dependence (differences between standard regression coefficients, in standard deviations) between the initial (post-juvenile) and the first post-breeding moults in males that were paired or single during breeding season preceding the moult. Asterisks indicate significant difference from zero: *P < 0.05, **P < 0.01. See Table 2 and the text for the tests of differences between the pairing status groups. after the second breeding season) moults in males that were paired or single during breeding season preceding the moult. Right panel: change in the condition-dependence (differences between standard regression coefficients, in standard deviations) between the first post-breeding and the second post-breeding moults in males that were paired or single during breeding season preceding the moult. Asterisks indicate significant difference from zero: *P < 0.05, **P < 0.01. See Table 2 and the text for the tests of differences between the pairing status groups.
Change in ornament expression after moult
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needed to attract a mate) the selection on ornament components was consistently strong, whereas the selection on body mass was weak (Fig. 6) . These results are concordant with the greater increase of sexual ornamentation between subsequent moults in males that were single compared with males that were paired prior to moult (Figs 4 and 5) .
Discussion
To be a reliable indicator of health and organismal condition, sexual ornaments have to be costly to an organism (Zahavi, 1975; Andersson, 1982) . These costs can be maintained by patterns of resource allocation into the development of sexual ornamentation (Williams, 1966; Iwasa et al., 1991) . However, because male investment into sexual ornamentation is part of organismal reproductive investment, this investment is subject to life history trade-offs as well as to the ecological and social contexts in which breeding occurs (Partridge & Endler, 1987; Gustafsson et al., 1995; Hö glund & Sheldon, 1998; Svensson & Sheldon, 1998) . Similarly, female choice of male's sexual ornamentation might depend on her investment into mate choice, experience and quality, as well as the environmental and social context of breeding (Jennions & Petrie, 1997; Qvarnströ m, 2001; Kokko et al., 2002) . In addition, because the direct benefits that a female acquires through preference for sexual ornamentation are often specific to a particular environment of breeding, different aspects of male condition and sexual ornamentation are important to different females in different environments (Wedekind, 1992; Badyaev & Qvarnströ m, 2002) . Thus, investment into sexual ornamentation, i.e. its condition-dependence, should vary strongly with the demographic composition of a population (because of both experience-and age-related variation in investment and choice) and the environment of breeding (Gross, 1996; Kokko, 1998; Proulx et al., 2002) . Consequently, variation in the social and ecological environments of breeding may explain the often documented differences in condition-dependence of sexual ornamentation and female preference for sexual ornamentation between populations (reviewed in Badyaev & Qvarnströ m, 2002; Hegyi et al., 2002) and between ages within the same population (this study, Candolin, 2000a,b; Engqvist & Sauer, 2002; Tö rö k et al., 2003) .
Our study of lifelong variation in the expression and condition-dependence of sexual ornamentation in Montana house finches produced three main results. First, we found that both the expression of sexual ornamentation and its condition-dependence were context-dependent (i.e. varied with male's pairing success in the previous breeding season) and age-dependent. Secondly, the condition-dependence of sexual ornamentation declined with age and, in older males, even substantial change in sexual ornamentation was independent of condition during moult. Thirdly, selection on sexual ornamentation and selection on condition itself differed between males of different pairing status. In males that were single in the previous season and thus needed to attract a mate, selection for early nesting favoured greater exaggeration of sexual ornamentation, whereas in males that were paired in the previous season, selection favoured males in better condition during moult and did not act on ornamentation. Moreover, condition-dependency and Table 2 Sexual trait expression following post-breeding moult and change in sexual trait expression between the subsequent moults in relation to pairing status in the season preceding moult (status), body mass during moult (mass), year of life (year), and the interactions among these factors. expression differed among components of the sexual ornament corroborating previous findings of the ornament's low developmental integration and distinct selection pressures on its components (Badyaev et al., 2001a; Badyaev & Young, in press) . Taken together, these results reveal a strong context-dependency of sexual ornamentation as well as a high flexibility in the developmental pathways that produce sexual ornamentation.
These results raise several questions. First, why does the pairing status and age of males affect the subsequent modification of sexual ornamentation? Secondly, how are some males able to express progressively greater sexual ornamentation at lower costs during subsequent moults? Thirdly, why does the intensity of sexual selection on ornamentation vs. condition during moult differ between males of different pairing status? More generally, selection for facultative and flexible investment into the production of sexual ornamentation should favour the independence of ornament-specific developmental pathways from the rest of organismal functions. This independence will make sexual ornaments less reliable indicators of organismal quality. Thus, it is unclear how the condition-dependence of sexual ornamentation (i.e. during initial post-juvenile moult) is maintained.
Male's pairing success in the season preceding the moult strongly correlated with the change in the expression of sexual ornamentation between the first (post-juvenile) and the second (first post-breeding) moults, and especially between the second and the third moults. These results are consistent with the patterns of selection on single and paired males -pairing success of males that were single, and thus needed to attract a mate, was mostly because of elaboration of their sexual ornamentation. In this population, females that breed for the first time, select mates primarily based on their sexual ornaments and prefer males with more elaborated ornamentation (Badyaev & Hill, 2002) . Because most mates of previously single males, especially of older males, are young females (ibid.), the directional selection on male ornamentation is mostly because of preferences by these females.
On the other hand, females that breed for more than 1 year appear to base their mating decisions primarily on male provisioning ability (Badyaev & Hill, 2002) -thus preference by these females is unlikely to result in significant directional selection on plumage ornamentation. Because male provisioning abilities correlate with male overall condition (Duckworth et al., in press) , the preference by older females for greater parental investment can produce selection on male condition that we documented here. An interesting extension of this finding is that the importance of elaborating sexual ornaments for pairing success and thus the investment into a sexual ornament should vary with the demographic composition of the population (Kokko, 1998) .
Greater investment into sexual ornamentation by males that were single can be a result of their higher overall condition at the time of moult compared with males that were paired. Parental investment, especially nestling provisioning, is costly to males -males that provision more are in lower physiological condition during the nesting season and have lower post-breeding survival (Duckworth et al., in press) . If the allocation of organismal resources to sexual ornamentation remains the same between subsequent moults, the relatively higher condition can result in greater sexual ornamentation. However, the condition-dependence of sexual ornamentation had decreased or remained the same between subsequent moults in males that were single. Thus, it is unlikely that the greater condition of single males directly translated into their greater sexual ornamentation. These results differ from those predicted by recent theoretical treatments of age-related variation in the condition-dependence of sexual ornamentation (Kokko, 1997; Proulx et al., 2002) , where reliable signalling of male condition by sexual ornaments is expected to increase with age because the decline in residual reproductive value is different between males of high and low quality. It would be interesting to consider, in models of age-dependent advertisement, the changes in the developmental costs of the ornament (e.g. specific developmental pathways that reduce the costs of ornament production with age). Consistent directional selection for greater elaboration of sexual ornaments increases the cost of their production favouring the evolution of cost-reducing pathways (Hill, 1994; Emlen & Nijhout, 2000; Emlen, 2001) . For example, selection may favour more efficient development of a sexual ornament such that a progressively smaller increase in condition is amplified into a larger sexual ornament. In addition, the reduction of the developmental costs of a sexual trait can be accomplished by evolving ornamentspecific developmental pathways that bypass most of the organismal functions (de Jong, 1993 (de Jong, , 1999 Badyaev, 2003) . In both cases, selection for lower conditiondependence acts to modify the link between sexual ornament production and other organismal functions.
These processes are well illustrated by studies of carotenoid-based sexual ornamentation -the subject of this study. Once female preference for diet-dependent carotenoid ornamentation is established, further selection for greater elaboration of carotenoid-based male ornamentation can favour a number of cost-reducing strategies by males (Hill, 1994) . For example, males can preferentially forage on carotenoid-rich foods, deposit diet-derived carotenoids directly into the integument without energetically expensive metabolism, alter the expression of carotenoid ornaments by concentrating carotenoid deposition, or modify integument structures to increase the display of carotenoids already absorbed (Brush & Seifried, 1968; Olson, 1970; Hudon & Brush, 1989; Hudon, 1991; Kodric-Brown, 1998) .
The most pronounced and widespread change in the expression of sexual ornamentation found in this study is between the initial and the subsequent (the first postbreeding) moult. It is noteworthy that the initial moult is the only moult of male house finches during which nonpigmented feathers are replaced with pigmented ones. The subsequent moults (including the first postbreeding) involve changes from old pigmented feathers to new ones. The size of the ornamented patch is determined by the number of feather follicles activated to uptake carotenoids, whereas colour hue is determined by the amount and the types of carotenoids taken up by the follicle during feather growth (Badyaev et al., 2001a; Hill, 2003) . Thus, if the initial ornament development (i.e. during post-juvenile moult) includes establishment of pathways of follicle activation and carotenoid delivery to the ornamented patch, these pathways may then be re-used and elaborated with lower costs to the organism during subsequent moults. This suggestion is corroborated by a close dependence of the initial moult, but not the subsequent moult on individual condition and by experiments showing that the area of sexual ornament is less sensitive to environment during moult than other ornamental features in older finches (Hill, 2003) . Alternatively, older males may be able to produce more elaborated ornaments because they are more efficient in finding a carotenoid-rich diet, or in the consumption, processing and deposition of carotenoids (see above). Similarly, Veiga & Puetra (1996) found that in older male house sparrows (Passer domesticus), nutritional condition during moult had a smaller effect on sexual ornamentation compared with younger males. Other avian studies that documented a greater increase in sexual ornamentation between the first two moults of life [e.g. Michigan house finches (Hill, 1992) , collared flycatchers Ficedula albicollis (Hegyi et al., 2002; Tö rö k et al., 2003) ], attributed these changes to the greater condition of older males. However, our results suggest that changes in trait expression over the life of an individual are not necessarily produced by changes in organismal condition, but instead can be because of changes in the conditiondependence of the ornament itself. One possibility unexplored in this study is that in older males, the cost of sexual ornamentation is largely imposed by its maintenance (Iwasa et al., 1991 ) (e.g. predation risk, parasite exposure, social interaction with other males) and not its production (Hooper et al., 1999; Tö rö k et al., 2003) . For example, paired and single males may differ in the frequency and intensity of male-male conflicts or paired males may be more susceptible to parasites and predators as a result of their parental provisioning.
In conclusion, individual optimization of reproductive effort might favour the evolution of context-and statedependent expression of sexual ornamentation and, correspondingly, the evolution of context-and statedependent female choice. We have shown that male investment into sexual ornamentation varies across a lifetime depending on the context of breeding and life history stage. Female preference for male sexual ornamentation and thus the evolution of sexual ornamentation should vary with the demographic composition of the population and the social and ecological contexts of breeding. Such context-dependence favours variable allocation of resources into sexual ornamentation that is enabled by flexible pathways of ornament development.
